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Poland and other Eastern European coun-
tries have derne heavy industrial devel-
opment with marked increases in air pollu-
dion and occupational exposure in the nearly
50 years since Wodd War IL These coun-
tries have also experienced substantial
increases chronic disease mortality in the
past three decades. While it is temptig to
assume a direct association between these
phenomena, more detailed analyses are
called for. Poland offers a potentially rich
opportunity forcomp geogaphical pat-
terns ofdisea incidence and of industral
change. In this paper we 1) elucidate the
prospects forattributinglungcancer mortal-
ity to industrial emissions in Poland, using
an ecologial approach based on the hitherto
unaddressed geographic differences, and
accounting for regional differences in -cip
rette consumption; 2) propos expltory
hypotheses for the observed ic het-
erogeneityoflungcancer, 3) beinstemt-
ic testing of the widely accepted but not
well-scrutinized notion that pollution in
Poland is a major contributor to delining
life expectancy. Regions with the highest
fraton ofcancer that cannot be explined
by smoking appear to be highly ur ed,
have high population exposure to occupa-
tional carcinogens, experience the highest
rates ofalcoholism and crime, and are asso-
ciatedwith the post- WoddWar II popula-
tion resettlement. Although the analysis
does not rle out pollution as a sificnt
contributor tolungcancermortlity it indi-
cates that other factors such as occupational
exposures and varous social factors are ofat
least compble importance. We concude
that the o trendsin lifaexetancy in
Polandshouldnotbeattributedpdmarilyto
pollution without careful attntion to other
contributing causes and that sociai factors,
such as the major populton r nt,
mayhaveproducedlivingconditoadverse
to good public health. We argue that
research on pollution and public health
should treat these topics in a broad context
including both technological and social
change. Key wordc geography of cancer,
industrial development, Poland,il public
health, urban factors in cancer. Environ
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Since 1945 Poland has undergone a funda-
mental and irreversible transition from a
primarily agricultural economy to one
heavily dependent on industrial production
and energy generation. Unrelenting pres-
sure by the government to develop heavy
industry led to rapid urbanization of the
country (between 1950 and 1990 the pro-
portion of urban population has grown
from 37% to 62% oftotal), and to signifi-
cant changes in the living and working
conditions of much of the population.
This growth was achieved at a substantial
human price, which is reflected in a dou-
bling ofper capita consumption ofanimal
fats and alcohol, an almost tripling ofciga-
rette consumption, and exposure ofa large
number of Polish workers (approximately
7% ofthe workforce) to occupational haz-
ards such as noise, dust, vibrations, nox-
ious gases, lead, carcinogens, and others in
excess oflegallyacceptable limits.
Industrialization has also left a grim
legacy ofpollution and destruction ofnat-
ural resources, especially in the more
industrialized southwestern parts of the
country, which are richly endowed with
minerals and coal deposits. As shown in
Figure 1, ambient average annual concen-
tration ofsulfur dioxide ranges from 10 to
100 pg/mi3 of sulfur, with concentrations
exceeding 30 pg/m3 for large areas in
southwestern Poland (1-3). For compari-
son, in regions of high acid rain in the
United States, the concentrations range
from 5 to 20 pg/m3 ofsulfur, and episodic
concentrations in cities now rarely exceed
50 pg/m3 ofsulfur (4). In Poland approxi-
mately 75% of all fuel consumption is
coal, 95% of which is used for residential
heating and energy generation. Ambient
concentration ofsulfur serves as an indica-
tor ofthe regional rate ofcoal burning and
thus of air pollution due to industrializa-
tion and urbanization generally, including
the respirable particles which are most
commonly blamed for respiratory health
effects, including lung cancer.
Also shown in Figure 1 are the worst 20
areas of ecological threat, ofwhich 5 are
designated as ecological disaster areas. The
designation "ecologically threatened" is for-
mally given to geographic regions exhibit-
ing a combination ofhigh gaseous and par-
ticulate air emissions, extensive accumula-
tion ofindustrial wastes, and a high rate of
generation of municipal and industrial
effluents that require treatment [as of 1991
27 such areas have been designated in
Poland, covering 11% ofPoland's territory
and affecting 35% ofits population (2)].
The alarming reports ofenvironmental
devastation coming from Poland during
the past several years have been accompa-
nied by equally sobering health statistics:
following a dramatic increase in the aver-
age life expectancy during the 1950s,
1960s, and early 1970s, the rate of
progress markedly decreased, and by the
late 1980s the life expectancy among mid-
dle-aged men actually began to decline (for
example, life expectancy at 45 was one
year shorter in 1987 than in 1970) (5,6).
Circulatory disease and cancer, which in
the late 1980s represented 46.3% (male),
50.1 (female), and 18.5% (male) and 19.2
(female) ofthe total age-standardized mor-
tality rate (7), respectively, largely explain
the life expectancy statistics: since the
1950s mortality rates among men from
cancer and circulatory disease have been
growing by more than 2% and 6% per
year, respectively (8-10).
The environmental devastation and
decreasing life expectancy observed in
Poland have also been experienced by
other formerly communist countries in
Europe, especially former Czechoslovakia,
former East Germany, and Hungary.
There has been a general tendency, both in
Poland and elsewhere, to attribute, either
explicitly or implicitly, the steady deterio-
ration of population health to environ-
mental pollution. In relation to cancer in
Poland, three lines of evidence are consis-
tent with that proposition: 1) urban popu-
lations exhibit higher mortality rates than
rural populations, by a ratio of approxi-
mately 1.2 and 1.3 for men and women,
respectively (9); 2) voivodships (political
districts) with the highest overall mortality
and mortality from cancer (especially lung
cancer) tend to be located in the more
developed western part of the country
(Fig. 2) (11); and 3) on the average, pollu-
tion is higher in the western half of
Poland, as compared with the eastern half.
Although substantial evidence has been
accumulated suggesting that respiratory
disease and various health problems among
children can be traced in some regions to
high levels ofpollution, and health benefits
are an important incentive for pollution
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Figure 1. Average annual ambient concentrations
of sulfur dioxide in Poland in 1985 (pg/M3) and 20
worst areas of ecological threat. The areas desig-
nated as ecological disaster are shown in orange.
From the National Bureau of Statistics (2).
reduction, little evidence has been generat-
ed to date in support ofthe putative causal
association between pollution and cancer
mortality. It is unlikely that the gradient is
an artifact of underreporting in the less
developed and less affluent eastern territo-
ries (partly because the gradient has
increased rather than decreased over time,
and partly because it occurs for only some
cancers, such as lung, kidney, pancreas,
bladder, and breast, but not, for example,
stomach). However, risk factors other than
pollution, such as diet, tobacco use, alcohol
consumption, hard living andworking con-
ditions, and various sociopolitical and eco-
nomic factors, may, in fact, better describe
the observed cancer statistics.
In both the emphasis on heavy indus-
try, with attendant pollution and occupa-
tional exposures, and the recent increase in
chronic disease mortality, Poland is repre-
sentative ofchanges experienced by several
former communist countries in Europe.
However, the rate of change during the
post-war years was more dramatic in Poland
than, for example, in Czechoslovakia, East
Germany, or Hungary, which were far more
industrialized at the conclusion of the
Second World War than Poland, making
the latter an especially interesting case
study. The objectives ofthis paper are 1) to
elucidate the prospects for attributing lung
cancer mortality to population exposure to
industrial emissions in Poland, using eco-
logical methods based on geographical dif-
ferences and 2) by analyzing the relation-
ship between lung cancer and industrial
emissions, to initiate systematic testing of
the widely accepted but not well-scruti-
nized notion that pollution in Poland is a
major contributor to declining life ex-
pectancy. To the best of our knowledge,
this is the first effort to address that ques-
tion systematically using methods other
than simple demographic analysis and
accounting for geographical heterogeneities
in cigarette smoking and its effects. No dis-
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Figure 2. Geographic distribution of age-standardized cancer mortality rate per 100,000 in Poland,
1985-1988. FromTyczynski (11).
tinction is made between occupational and
environmental hazards, which we collec-
tively classify as industrial emissions,
because the areas with the highest ambient
air pollution are also characterized by high
proportion of employment in hazardous
industries known to be associated with lung
cancer, such as coke ovens, smelters, steel
mills, coal mines, and chemical plants.
Methods
Lung cancer is a suitable disease for detailed
investigation of the effects of industrializa-
tion and pollution on the mortality rate in
Poland because of its rapid changes over
time, its geographical heterogeneity, and
the substantial evidence that it is associated
with inhalation of common occupational
and environmental pollutants. However,
any analysis oflung cancer incidence must
take into account the fact that cigarette
smoking is implicated in most cases, and
in particular that cigarette consumption in
Poland exhibits geographic heterogeneity
similar to that forlung cancer (Fig. 3).
Starting with the premise that cigarette
smoking is the major risk factor in lung
cancer, the analysis proceeded in three
stages. The procedure was designed to
make maximum effective use ofthe exten-
sive U.S. studies of the relationship
between smoking and lung cancer, without
assuming that U.S. numerical coefficients
will hold unaltered for Poland. First, the
expected voivodship-specific mortality
rates from lung cancer for the 1985-88
period, age standardized to the "old"
WHO world population (7), were estimat-
ed based on voivodship-specific cigarette
consumption data from the period around
1975 and using the cancer rates found in
the American Cancer Society (ACS)-spon-
sored Cancer Prevention Study II (CPS)
(Heath C, American Cancer Society, per-
sonal communication). This calculation is
summarized in the appendix, and the data
are enumerated in Table 1. In the absence
ofstatistics on cancer rates amongsmokers,
nonsmokers, and former smokers in
Poland, the ACS survey was chosen
because it was by far the most ambitious of
several such studies in the United States in
terms ofdesign (prospective), size (1.2 mil-
lion participants in 25 states), and duration
offollow-up [between 1959 and 1972 (CPS
I), and from 1982 until present (CPS II)].
Because there are large differences in the
prevalence of smoking between males and
females, urban and rural populations, and in
the average cigarette consumption by
voivodship in Poland (Figs. 3 and 4), the
mortality rate among smokers and former
smokers was calculated as a weighted sum
of the rates contributed by each group,
where the population sizes for each group
were taken from census data (12).
The age-specific quantitative relationship
between smoking rate and cancer mortality
rate derived from the CPS II study formed
the basis for the calculations of the relative
risk among continuing smokers (Table 1).
We have also considered the possibility of
using a different linear risk coefficient (see
Figure 3. Geographic distribution of average
annual per capita cigarette consumption among
adults over 18 in Poland, 1975-1979. From Kocot
(15).
Volume 103, Number 1, January 1995 65Table 1. American Cancer Society (ACS)-based lung cancer rates for nonsmokers and the ACS-based
smoking rate coefficients (mortality rate per cigarette-day) for men and women along with the World
Health Organization "old" standard population (7) (per 100,000) used in the age standardization of cancer
rates
Mortality rate
for nonsmokers
Male Female
5.1 2.3
5.0 2.0
6.4 2.6
4.2 6.6
5.6 6.2
11.4 13.8
17.6 17.1
32.6 30.2
44.9 34.0
83.4 60.4
95.1 62.9
Results) to account for anydifferences in the
smoking behavior and cigarette characteris-
tics between the two countries and to
account for a possible underestimation of
the cigarette risks by the ACS study (which
was skewed toward amiddle-dass U.S. white
population). This adjustment is also
described in the appendix. The relative risk
among continuing smokers was calculated
separately for men and women in urban and
rural areas and for each voivodship based on
their corresponding average smoking rates
(number of cigarettes per person per day)
and the corresponding percentages ofsmok-
ers, former smokers, and nonsmokers. The
relative risk among former smokers was
assumed to be 0.4 of that of continuing
smokers, as calculated by Brown and Chu
(13), irrespective ofthe smoking rate and the
number ofyears since cessation. Random,
countrywide population surveys were the
source of data on average smoking rates
among urban and rural males and females in
Poland and on the percentages ofsmokers,
former smokers, and nonsmokers in each
group (14). To test the reliability of these
statistics, the voivodship-specific estimates of
expected cigarette consumption, based on
the survey data and population characteris-
tics, were compared with the actual sales sta-
tistics (15). The estimates were consistently
lower than the actual consumption, by
10-50%, dependingonvoivodship, with the
magnitude of the underestimate increasing
proportionally to the percentage of urban
population (not shown). Until the recent
several years, the sales statistics have been a
fairly reliable indicatorofcigarette consump-
tion in Poland, owing to the uniform pricing
of cigarettes and tight control exercised by
the state on their manufacturing and distrib-
ution, and we gave these statistics more
weight than thesurveydata. Accordingly, for
each voivodship we adjusted the smoking
rates proportionally for urban and rural
males and females, until the survey-based
estimates matched the sales data.
In the second stage, the calculated
Rate coefficients
per cigarette-day
Male Female
0.2 0.7
0.4 0.4
1.0 1.5
5.6 2.7
10.1 5.6
11.1 6.0
21.1 13.9
51.9 13.1
55.7 18.2
68.4 16.2
72.0 21.1
Population
6,000
6,000
6,000
5,000
4,000
4,000
3,000
2,000
1,000
500
500
voivodship-specific cancer rates were com-
paredwith the corresponding observed rates.
[Mortality statistics have been quite reliable
in Poland since the mid-1960s, when
mandatory confirmation of cause of death
by physicians was introduced (8).
Furthermore, traditionally low population
mobility between voivodships, even in seek-
ing advanced care at large medical centers,
suggests that the place ofpotential exposure
to carcinogenic agents and the place ofdeath
would be the same in most cases.] Ifthe cal-
culated rate accurately reflects the effect of
cigarette consumption, then the portion of
observed mortality that exceeded the calcu-
lated rate would show the effects of pollu-
tion and occupation, ifsuch effects exist.
Two approaches were taken in interpreting
that excess cancer rate; in one the excess
0
Ia-
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number was assumed to be proportional to
the calculated number, thus using a "relative
risk" assumption; in the second approach,
the excess number was assumed to be inde-
pendent ofsmoking experience, thus using
an "absolute risk" model (see Results).
In the third stage ofthe analysis the geo-
graphic distribution ofthe excess rates, both
as a relative risk comparison [(observed -
calculated) x 100%/calculated], and as an
absolute comparison (observed - predict-
ed), were compared to the geographical
distribution of indicators ofpollution and
other social phenomena.
The comparisons we present have been
between the most recent voivodship-specif-
ic cancer mortality statistics, which are
from the 1985-88 period, and the earliest
reliable smoking statistics in Poland, which
extend back to 1975. The effect is to pre-
sume a latency period of approximately
12.5 years. This may be too short, for in
the traditional ecological observations of
national trends in lung cancer mortality
following trends in cigarette consumption,
the observed lag time has been generally
between 20 and 30 years. On the other
hand, Kocot (15) has found that when a
10-year latency period is assumed, the per-
capita annual consumption ofcigarettes in
Poland gives the best statistical correlation
with mortality rates from lung cancer, for
both men and women.
To use the U.S.-based statistics without
adjustment for performing a risk assessment
in Poland would implicitly make several
assumptions about the two populations:
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I=60 1979 l 139 1959 1979
Ruralfemales Rural males
Figure 4. Temporal trends in prevalence of never-smokers, ex-smokers, and regular smokers among
urban and rural males and females in Poland, 1960-1986. From Zantoski et al. (14).
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1) that the nonsmokers in Poland and the
U.S. have similar rates of lung cancer; 2)
that the sex-specific average age at start of
smoking and the average duration of the
habit are similar in the two countries during
the periods covered by the respective stud-
ies; 3) that the ex-smokers in the two coun-
tries resemble each other in the average time
since cessation and the duration of the
habit; and 4) that the relationship between
smoking rate and cancer risk is the same for
Polish and American cigarettes and for
Polish andAmerican smoking habits.
Support for the first assumption comes
from the stability of the rate among non-
smokers in the U.S. over the past three
decades (16-18). The surveys ofthe smok-
ing habits of the population conducted in
Poland during the 1970s and 1980s indi-
cate that while the second assumption may
be reasonable for men, it is not for women:
the social acceptance of smoking among
Polish women trails behind that in the
U.S. by approximately two decades, as
judged by statistics on the prevalence of
smoking (9,14,19-21) (Fig. 4). It is there-
fore reasonable to assume that Polish
women have been smoking fewer cigarettes
and for a shorter period oftime than their
American counterparts, which would lead
to an overestimation of calculated risks.
For similar reasons, the third assumption is
open to question. However, in the latter
case the direction of the error in the esti-
mates ofthe risks among ex-smokers is not
known: while the shorter interval since ces-
sation that is likely to exist in Poland, due
to a more recent existence ofsmoking ces-
sation programs and more recent uptake of
the habit by many women, would lead to
underestimation of risks, a lower smoking
rate would have an opposite effect. The
uncertainty contributed to the overall esti-
mates ofcancer mortality by ex-smokers is
probably not large because of the lower
proportion of that group and because of
lower relative risks among ex-smokers, as
compared to smokers. As described below,
our results indicate that the fourth assump-
tion may be incorrect.
Our approach to these ambiguities,
which allows for adjustments in the ACS
cancer coefficients and which considers
both relative and absolute risk approaches,
provides a flexible set of possible relation-
ships between cancer rates and the voivod-
ship-specific cigarette consumption data.
The data analysis then provides informa-
tion on the smoking-cancer relationship in
Poland, and establishes a range ofpossible
residuals for comparison with pollution and
other potential health hazard indicators.
Results
The estimated mortality rates from lung
cancer in Poland are significantly lower
than the observed rates: 44% and 53% for
males and females, respectively, when aver-
aged over 49 voivodships. Because it is
unlikely that cigarette smoking is not the
major factor in lung cancer mortality in
Poland, even in the presence of large
effects of pollution and occupation, other
explanations for the apparent underesti-
mates are more plausible. We group them
into two general categories: those related to
the cigarettes themselves and consistent
with the "absolute risk" model, and those
related to the combination of cigarettes
and other factors, and consistent with the
"relative risk" model.
Among the first group of explanatory
variables is the carcinogenic potency of
Polish cigarettes, which have until recently
been mostly unfiltered and which are made
of high-tar black tobacco, as compared to
the blond tobacco used in the United
States; there may also be differences in the
mode ofcigarette use which affects the like-
lihood of cancer induction; the effects of
smoking cessation on cancer rates areproba-
bly smaller among Polish women than in
the United States because of their more
recent start, and thus quitting, ofthe habit;
we may also be underestimating the effects
ofenvironmental tobacco smoke, especially
on rural women who are the most likely to
be nonsmokers married to smokers,
although the magnitude ofthat unaccount-
ed effect would be relatively small. This first
type ofexplanation implies that the slope of
the dose-response relationship based on the
U.S. experience is too shallow for the Polish
situation and should be adjusted upward.
We found that applying a proportionality
constant of 2 to the slope does, in fact,
bring the average calculated rate to the level
ofthe averageobserved rate.
The second type ofexplanation assigns
great importance to factors not related to
cigarette smoking but which serve to mod-
ify (in a multiplicative fashion) the cancer-
inducing effects of tobacco. In this view,
the underestimation of the effects of ciga-
rettes in Poland is due to disregarding the
apparently significant effects ofthese mod-
ifying factors in the calculation. As
reviewed recently by Hertzman (22), sup-
port for that hypothesis comes from inter-
national comparisons of the slopes of
dose-response relationship between the
average per capita cigarette consumption
and cardiovascular and lung cancer mortal-
ity, which show large differences among
countries and regions. Although the
Eastern European countries were not
included in these comparisons, the relative-
ly low slope in Japan and high slope in the
United States and Great Britain were inter-
preted by the author as implicating the
existence of such modifying factors (23).
Notably, for both sexes the voivodship-spe-
cific magnitude of the underestimate of
mortality rate increases proportionally to
the per-capita cigarette consumption (not
shown), which is consistent with both
types ofexplanation.
Having no basis for favoring either type
ofexplanation, we used both in the second
and third stages of the analysis. Figure 5A
shows thegeographic distribution ofthe dif-
ference between the observed and calculated
rates, normalized to the estimated rates for
men and women, respectively, in accor-
dance with the "relative risk" assumption
[(observed - calculated) x 100%/calcu-
lated, the second type ofexplanation]. With
this model the geographical pattern does
not depend on normalization, so we have
made no adjustment to the calculated
dose-response. Figure 5B shows the geo-
graphic distribution of the difference
between the observed and adjusted calculat-
ed mortality rates for men andwomen (with
the dose-response adjustment factor of 2),
in accordance with the absolute risk
assumption (the first type) for the excess
rates. Figure 5 shows that for both kinds of
risk models, the voivodships with the high-
est unexplained proportion of cancer rates
for men are primarily concentrated within
the western halfofPoland, although there is
also a pronounced "tail" in the southern sec-
tion, aswell as several lower ratevoivodships
within the western territories. For women,
the patterns are similar but less pronounced,
with, however, a notable absence of the
southern "tail." Many of the voivodships
with a "high incidence ofunexplained can-
cer," especially for men, also coincide with
the territories that were annexed from
Germany at the conclusion of the Second
World War (Fig. 5), although here again
there are important exceptions.
Regarding the question ofthe relation-
ship between lung cancer mortality and
exposure to industrial emissions, we
observe that there appears to be little
resemblance in the pattern of high unex-
plained cancer rates and the gradient ofair
pollution levels, as represented by SO2 lev-
els and the location ofthe ecological threat
areas (Fig. 1). At least for men, the most
polluted voivodships also seem to experi-
ence high cancer rates, even those outside
ofthe post-German area.
To summarize, the poor spatial over-
lap of pollution levels and the unex-
plained cancer rates in Poland do not pro-
vide support for the hypothesis that air
pollution and occupational exposures
alone can explain the geographic distribu-
tion of the unexplained cancer rates in
Poland, though the contribution of these
factors is suggested among men. Further-
more, the systematic tendency ofthe high
unexplained rate voivodships to be locat-
ed in post-German territories suggests
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Figure 5. Geographic distribution ofthe "unexplained" lung cancer mortality rates in Poland. (A) (observed
- calculated) x 100/calculated; (B) (observed - adjusted calculated) mortality rates. Adjusted rates were
calculated by multiplying the slope of dose-response curve by a factor of 2; blue line demarcates the
German territories in 1939; black line demarcates the areas ofhighest air pollution, as shown in Figure 1.
that other factors may be important to the
story.
Discussion
There is a considerable agreement, though
by no means a consensus, that air pollution
plays a role in the well-documented excess
lung cancer mortality experienced by urban
dwellers. Estimates of that contribution in
the United States, based on different
methodological and conceptual approaches
and all saddled with considerable uncer-
tainty, have ranged from 2% to more than
10% (23-25). A retrospective case-control
study oflung cancer victims in highly pol-
luted Krakow, Poland, was consistent with
these estimates by placing the effects of
urban air pollution on the rates of lung
cancer at approximately 4.3% and 10.5%
of total lung cancer for men and women,
respectively (26). For occupational expo-
sures, the estimated contributions to lung
cancer mortality were 4% in the United
States (23) and 21% and 8% for men and
women in Krakow, respectively (26).
Our initial finding that environmental
and occupational carcinogens alone cannot
explain the observed patterns of "unex-
plained" cancer is not inconsistent with
these earlier findings. This is largely due to
the relatively low sensitivity of the indirect
method applied here, where the variation
between the residuals in similar voivodships
is as great or greater than the expectation
from the Krakow study. Although this eco-
logical approach is useful for exploring the
combined effects ofmultiple ill-defined fac-
tors on health and for comparing hypothe-
ses, its applicability to quantitative risk esti-
mation is limited by serious uncertainties
such as pooling of different types of lung
cancer not equally associated with cigarette
smoking, pooling the exposed and nonex-
posed populations, averaging highly variable
individual smoking histories over a large
population on the basis of relatively crude
national statistics, aggregation of data for
regions defined by political districts rather
than the intensity of hypothetical risk fac-
tors, inability to verify medical diagnosis or
to account for population migration, and
the lack ofcontrol over a host ofconfound-
ing variables. The effect of these and other
uncertainties can be surmised based on the
observed fluctuations between voivodship
statistics for the various rates ofconcern.
On the other hand, the indirect
method has proved very useful in estimating
the likely magnitude ofthe effects ofurban
residence on lung cancer (27-30), the
effects of living in counties hosting various
hazardous industries (31), and the effects of
smoking on cancer and cardiovascular mor-
tality in different countries (32). Our
method for estimating the smoking-related
proportion of cancer mortality using the
(hitherto unpublished) data we collected on
smoking cannot be accomplished in an
unambiguous fashion on the basis of the
available data. The ambiguities, however, do
not invalidate the methodology. Our treat-
ment, including the validation ofestimated
smoking rates against the actual (and quite
reliable) sales statistics in each voivodship
and the use ofa range ofnormalizations for
differences between observed and expected
rates, was intended to establish boundaries
on the uncertainties and the range ofpossi-
ble influences ofsmoking on the geographi-
cal distribution ofcancer rates. The analysis
thus sets limits on the magnitude of the
influence of air pollution and in particular
shows that its effects can be no greater than
the effects ofother causes that are generally
induded in ecological studies.
Our inability to explain, within that
range, the high residual rate ofcancer in the
western and northern territories by the
degree of air pollution alone, using the
indirect method and using sulfur dioxide
concentration as a pollution index, indi-
cates that the magnitude ofeffects ofthese
risk factors in those areas are not large rela-
tive to other risk factors and that other fac-
tors have as large or larger influence on
mortality rates. This is not to say that air
pollution has no effect. For instance, the
relatively high residual cancer rates for
males in the most industrialized and pollut-
ed southern voivodships, and their absence
among women, may be indicative of a sig-
nificant role played there by concurrent
exposure to occupational and environmen-
tal carcinogens, possibly acting synergisti-
cally. High occupational exposures among
men to chemical carcinogens and radon in
this region, which is characterized by a high
density ofmines, smelters, coke ovens, and
steel mills, have been well documented
(3,33). The putative contribution of occu-
pational factors to the observed distribution
of residual cancer rates is also consistent
with the high residual rates in some north-
ern voivodships, which, though not charac-
terized by the mining, smelting, or coal-
processing industries, have been the center
of the ship-building industry, with its
attendant occupational asbestos exposures.
The tendency ofhigh unexplained rates
to manifest themselves in the post-German
territories suggests that social factors may
also play an important role. These territo-
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Figure 6. Geographic distribution of crime and alcoholism consumption rates and degree of urbanization in Poland. (A) Alcohol consumption rate, liters of 100%
alcohol per person per year, 1990-1992; (B) crime rate, convictions per 10,000 per year, 1990-1992; (C) urbanization. From the National Bureau of Statistics (12)
and Halik (Warsaw Medical Academy, personal communication).
ries also have higher crime and alcoholism
rates than the rest of the country and are
among the most urbanized in Poland (Fig.
6). In an attempt to explain the crime and
alcoholism rates, Halik (Warsaw Medical
Academy, personal communication) hy-
pothesized that the population living in
these areas-largely first- and second- gen-
eration migrants from the east who
replaced most ofthe original German pop-
ulation during the brief post-war resettle-
ment period-continues to experience the
aftershock of that uprooting after several
decades. Another line of reasoning can be
derived from the recent work ofHertzman
(22). Unable to explain a large fraction of
the gap in the life expectancy between the
Eastern and Western Europe with higher
levels of pollution, lower access to health
care services, smoking, diet, and other tra-
ditional determinants ofhealth, this author
suggested the socioeconomic environment
in the east during the 1960s, 1970s, and
1980s-social isolation, perception ofpow-
erlessness and poor well-being, and decline
in economy-as a major modifying factor
ofthese other determinants ofhealth status.
It is far too soon to tell whether these
explanations will withstand further scrutiny,
and ifso, what is the nature ofthe relation-
ship between cancer rates, urbanization,
environmental and occupational pollution,
social pathologies (as indicated by alcohol
consumption and crime rate), socioeconom-
ic environment, and historical developments
in the post-German territories in Poland,
although the idea of psychosocial stress as a
factor in cancer development is not new
(34). The most appropriate beginning
hypothesis is that numerous social factors
can function as amplifiers of the very real
effects of smoking, pollution, and occupa-
tional exposures on lung cancer.
Clearly, the question of the effects of
the political, social, and technological
changes in the modern period of Poland's
history merits further study, both in
Poland and in the neighboring Germany,
and the analysis ofother cancers as well as
cardiovascular diseases should be included.
It would also be informative to include
other formerly communist countries with
similar mortality trends but much less envi-
ronmental pollution than Poland, such as
Latvia. For now, we see at least three imme-
diate applications of the initial findings
reported here: to encourage policy makers
and analysts to view the problem ofpollu-
tion and health in Poland and other for-
merly communist countries in a broader
perspective of technological, social, and
political changes in that region during the
post-war decades; to develop realistic expec-
tations about changes in population health
that can be reasonably achieved from any
future environmental improvements; and
to provide guidance to the governments of
Poland and its neighbors and to the inter-
national organizations on allocating scarce
resources into pollution control technology,
public education, and social programs
aimed at social transformation.
Appendix
A summary ofthe calculations that generate age-standardized lung can-
cer mortality rates by voivodship using the American Cancer Society
(ACS) cancer rates (Heath C, personal communication) and calcula-
tions thatgenerate adjusted lungcancermortality rates follows.
Calculation ofage-specific, sex-specific lung cancer mortality rates
fornonsmokers, smokers, andex-smokers in eachvoivodship:
Rate for nonsmokers = ACS nonsmoking rate (byagegroup)
Rate for smokers = rate fornonsmokers + ACS smoking rate coefficient
x average smoking rate (byvoivodship)
Rate forex-smokers = 0.4 x rate forsmokers
where, for the ACS cancer rates shown in Table 1, and the average
smoking rates for each voivodship were estimated from cigarette sales as
described in the text.
Calculation ofaverage age-specific, sex-specific cancer rates for each
voivodship:
Average rate = rate forsmokers x % ofsmokers + rate forex-smokers
x % ofex-smokers + rate for nonsmokers
x (1 - % smokers - % exsmokers)
where the % ofsmokers and % of ex-smokers were derived from the
voivodship-specific % ofurban population and the national surveys of
smokinghabits.
Calculation ofage-standardized cancer rates foreachvoivodship:
Age-standardized rates (per 100,000) = (1/100,000) xSAGEGROUP
{age-specific rates
x standard population foragegroupl
where thestandardpopulations areshown inTable 1.
Adjustment ofage-specific, sex-specific lung cancer mortality rates
fornonsmokers, smokers, and ex-smokers in eachvoivodship:
Ratefor nonsmokers = ACS nonsmoking rate (byagegroup)
Adjusted rateforsmokers = ratefor nonsmokers + 2
xACS smokingratecoefficient
x averagesmoking rate (byageandvoivodship)
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